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The eRD6 Consortium

» EIC detector R&D for the development of tracking and pID capabilities beyond
the present state of the art

+»* Brookhaven National Laboratory (BNL)

People: E.C Aschenauer, B. Azmoun, A. Kiseley, J. Kuczewski, M. L. Purschke, C. Woody
R&D: Mini-Drift detector; TPC/Cherenkov prototype (TPC-C); MPGD-based TPC;
Zigzag pad development (not funded under eRD6, but relevant for eRD6 R&D)

** Florida Institute Of Technology (FIT)
People: M. Bomberger, M. Hohlmann
R&D: Large & low mass GEM with zig-zag readout structures; Cylindrical uRWELL

** INFN Trieste

People: S. Dalla Torre, S. Levorato, F. Tessarotto
R&D: Development of hybrid MPGDs for single photon detection, synergistic to TPC read-out
sensors (in particular, high momentum RICHes)
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The eRD6 Consortium

¢ Stony Brook University (SBU)
People: K. Dehmelt, A. Deshpande, P. Garg, T.K. Hemmick
R&D: Short radiator length RICH; Large mirror coating, TPC-IBF studies

* Temple University (eRD3 merger with eRD6)
People: B. Surrow, M. Posik, A . Quintero
R&D: Commercial GEMs, MPGD-based trackers, tracking simulations; Cylindrical uRWELL

*»* University Of Virginia (UVa)
People: K. Gnanvo, N. Liyanage
R&D: Large GEM with U-V readout; Chromium-GEM (Cr-GEM); Cylindrical uRWELL

** Yale University
People: D. Majka, N. Smirnov
R&D: TPC characterization studies
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Progress @ BNL:TPC prototype

e Assembly and commissioning of new TPC prototype completed (gas tightness, HV tests, etc)
* Re-used TPCC field cage

 4GEM with optimized zigzag readout

* New flexible and compact design with three large windows

e Tested successfully with cosmics using SRS/APV25 readout FEE (700ns DAQ frame = only measure
fraction of charge in TPC)

* Forinitial tests: Ar-CO, (70-30) with drift field of 0.75kV/cm > drift velocity = 25um/ns
* Eventually will test with uRWELL and MM (initially will test each in a simple planar det. config.)
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Progress @ BNL:Cosmic-ray telescope

* 4-layers of 3-GEM with COMPASS X-Y r/o Example of a single reconstructed track

 Commissioned at beam test by UVA :

* Coincident signal from 4 scintillator counters
provides prompt trigger t— .

« TPC prototype as Det. Under test (for position - "o 1/:x. o
resolution measurements) . ¥ '

* Expect 40-50um per telescope layer and 40-
50um/sqrt(4 points) = 25-30um track pos.
resolution

Cosmic tel. vector
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Progress @ BNL:Electronics for TPC r/o

N— e ( 1 FEE card:
* SAMPA electronics under development: { T A LAgEL S Pt e 256¢ch
multi-SAMPA chip ASIC + data module card + B il Al ' P s
firmware (continuous and trigger mode)

* Being tested in the lab using a 4GEM w/ ZZ
r/o with very positive results (1024 samples
@ 10-20MHz ADC)

* DREAM electronics also available: used SAMPA Single event waveforms Fe55 spectrum w,/ SAMPA
successfully at beam test last year for s =N o o
measuring ZZ r/o (512 samples @ 1-50MHz D A
ADC) s
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» 77 R&D now funded by BNL LDRD, but mentioned here since
it is a related effort

All 2mm pitch

DNL vs x

DNLvs y

Large Period
*  “Multi-ZZ PCB: 10 x 10 array of 1cm x 1cm cells

Laser-etched, gap fixed at ~24um

P o |

* 7ZZ parameters varied broadly:
Pitch: 0.4 - 3.33mm, Stretch: -25% - +25%, Period: 0.2 - 1Imm
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Progress @ BNL: ZZ Beam Test Results

Pitch = 2mm, No DNL correction Pitch = 2mm, DNL-x correction Pitch = 2mm, DNL-xy correction
E 240 Eﬁ ':"— E" —yF‘=03mm "":"""""""""jiF'é'riEd"f)'.li'fh'r'ri:".é\N"E:i"iF‘i’t’c’H'i'?ﬁ'rH """"""""""
5 220 ;— ;— ;— yP = 0.4 mm 5:::
5 20 - YU S
180;— ;— ;— —yP=‘1.0mm :
160 ? ;_ ................................................................................................................... é" ___________________ ______________________________ _
1 40 g.. ;... ......................................................................................................................... ;_ ___________________ ____________________________ : ;w ]
20F ; 1 1 | — , | F-
0 - [ R | Ll 11 1 [ { Ll 11 | | | L1 D C i 1 | L L | I 1 0 E i |
=30 -20 -10 0 10 20 30 =30 -20 -10 0 10 20 30 =30 -20 -10 0 10 20 30
XStretch [%)] — e—) XStretch [%)] e xStretch [%)]
xStretch yPeriod
Correction Correction

Recover systematic offset in residuals using DNL-y correction followed by DNL-x correction
Use centroid for correction, so process is limited by resolution of centroid itself
At small periods, the impact of this parameter on performance becomes saturated

Inset plot identifies the point where no DNL correction is required and 50um resolution is obtained for a

pitch as large as 2mm!
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Progress @ BNL: Laser ablation

Laser a

21 35 [JiIRIE

* Laser ablation is used in a novel way as the primary ,;,1-\ ]
method to generate micropattern readout
structure

e ~20mm wide trenches are able to be carved out of
the copper+FR4 substrate, allowing the realization
of unprecedented zigzag geometries

* These new geometries are getting close to the
ideal as suggested by simulation: ~40-50um
position resolution with NO differential non-
linearity!!

* Tuning the production parameters (eg, laser
intensity, # of laser passes, machine instruction
set) is informed by a rigorous QA routine

e Microscopic inspection of samples validates design
specs and looks for damaging artifacts by
examining the overall topology of the trenches

um
1682.25
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Progress @ BNL: High Intensity X-ray scanner

* High intensity, highly collimated x-ray beam
(~20um wide) for in-lab characterization of

detectors under test
X-Y slides

mounted to
stand

* |nitially we were sold an x-ray source that was
later determined to be inadequate for our needs
(ie, equipped with a window which severely
truncated the x-ray intensity spectrum)

e After much back and forth with manufacturer,
we were able to exchange the source for one
with a Be window, with virtually no cut-off

* We are now working to integrate the new source
into the existing setup (XY-scanning stage and
infrastructure already in place)

New X-ray
source &
power supply
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Progress @ BNL: Plans and Milestones

e January - March: Complete tracking software for the cosmic ray telescope, tune operating
parameters, implement all the necessary calibrations

e January - June: Study track reconstruction in the TPC prototype using the cosmic ray
telescope and attempt to get a first measure of the position resolution in the lab

e February - June: Read out the TPC with different electronics (ie, SAMPA and DREAM) and
attempt to evaluate the performance for each case

e March - April: Study Micromegas and pnRWELL with zigzag readout in a planar detector
configuration (ie, short drift gap)

e March - June: Continue work on optimizing the design and production of zigzag readouts
(LDRD) in parallel with the eRD6 R&D program
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Progress @ FIT: Refurbishment of low-mass EIC
Forward Tracker GEM detector prototype

1mm ABS frame piece\.»-_-s

EIC Detector R&D AC Meeting @ BNL, 1/24/2019

Had observed shorts between GEM foils
during FNAL beam test in summer 2018

=> Refurbishing prototype detector:

* Replaced ABS pull-outs with
stronger PEEK pull-outs

* Designing longer inner frame pieces
that will also be made from PEEK

) F _D_ _L |/::_‘a\ e R J_ {Qﬁ
T ﬂL— m— — e

. Increase gap 5|zes from 3/1/2/1 mm
to 3/2/2/2 mm
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Progress @ FIT: Simulation of Cr-GEM forward tracker

EicRoot simulation of a 1 GeV/c electron track reconstructed
stand-alone in three GEM stations in forward tracker region

Momentum Resolution - Standard GEMs

[} C
] —
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-~ = Entries 9805
t 350 Mean 0.2481
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150
100
50—
O_ L [ ISR
-30 -20 -10 0 10 20 30
0,
(P rec Ps."m)/ P sim [ ’6]
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Find only marginal
improvement



Progress @ FIT: uRWELL prototype — basic studies

convex bending

Observe non-uniformity of
DLC layer at bottom of wells
(bumps, divets)

ULRWELL foil can be easily
bent into cylindrical shape
down to a radius of a few
centimeter

No degradation of hole shape
in bent foil observed under
microscope

concave bending assembled 10 x 10 cm planar uRWELL detector with zigzag r/o

EIC Detector R&D AC Meeting @ BNL, 1/24/2019
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Progress @ FIT: Plans and Milestones

[ Plans

* Forward Tracker Prototype:
* Assemble the refurbished low-mass prototype and demonstrate that it can be operated
e Characterize performance of the low-mass prototype with X-rays at Florida Tech
e EIC Simulations:
» Extract hit residuals for tracks through the forward GEM chambers
» Study how the reduction of material affects the spread of track position due to multiple scattering
e Study precision of reconstructing track impact points on the RICH entrance window, i.e. seeds for ring
reconstruction, with forward GEM trackers in front of and behind RICH
* RWELL detector:
* Commission the 10x10 cm? uRWELL prototype with zigzag-strip readout
e Characterize performance using X-rays.
e Begin design for a small cylindrical RWELL detector together with UVa

] Milestones

*  Working low-mass prototype

* Working 10x10 cm? unRWELL prototype



Progress @ INF

N - Photosensitive TGEM+Resistive MICROMEGAS
" prototype with miniaturized pads

Detector prototype

Window

Drift wires \
Csl \

.....

TGEM-1 8 & 0 =
et |
TGEM-2 el 0

Minature Pads

After completing the laboratory studies,
the prototype equipped with a fused silica radiator
was studied at a test-beam @ CERN (Oct-Nov 2018)

‘ test-beam setup

trigger counters

Fused silica radiator,
the principle

Mini-pad prototype

Fused silica radiator,

the design
548 % =
‘/"“_——-

I “s
710 @40 =

beam

| ENpya———

fused silica radiator .

fused silica radiator
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Progress @ INFN: First hints from the test beam

i DR 1 Time distribution vs trigger time
ssq of the Cherenkov photon signals
S . x10° h sample id
i 2 _F Entries 251711
230 2 S Mean 8747
ren ~ 80F StdDev  3.384
70F
o 60F-
50
.;; 4{);_
it 30F
et 20F
105
{)E ....|—!—»—| —
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. Sample ID (25ns)
Time-development

of a single photon signal
(from on-line display)
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Progress @ INFN: First hints from the test beam

A - Shutter between detector
and radiator OPEN

Pad Y ID

Photon ring

A — B (properly normalized):
only the photon ring remains !

x107
-
— 30
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- StdDevx 7
MIPs (beam) :,5_'3 25— Std Dev y
Hlt maps Enmmes 122864
Mean x 16.75 20
Mean y .
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£ — 15
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0.02 0
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Pad X ID

o5 I3 B - Shutter between detector

and radiator CLOSED
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Progress @ INFN: First hints from the test beam

v _ h amp
% 10° Entries 82197
O : Mean 4039
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10— :
- 0.04 .
sE Detector gain from the slope
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_I L1 1 | L1 1 1 | L1 1 1 | | I T | | | I T | | | I T | | 1
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Pad XID Gain ~50 k !
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Progress @ INFN: NanoDiamond (ND) photocathode

Initial studies of the compatibility of an innovative
photocathode based on NanoDiamond (ND) particles with the
operation in MPGD-based photon detectors

Reminder: the starting point

147 % (1)

DL L | S L L L
: ich-diamond ND ¥ Rich-graphite ND ]

* Preliminary exercises reported in July2018

Unexpected feature:

Quantum Efficiency, QE (%)

10°F——nND__(0d)

rec

{F——"No,_ 00)

[toHos | @if eoheo O

140 160 180 200 220140 160 180 200 220
Wavelength (nm)

Gain increase in coated samples

* A possible explanation emerging from repeated

L.Velardi, A.Valentini, G.Cicala al., )
meas urem en ts: N D Diamond & Related Materials 76 (2017) 1
]
* The coating with the resistive material prevents T e oo | after coating
- . Coat 500 Si 0.01405 + 7.6580-05
charging-up phenomena in THGEMs e
* An observation of interest beyond this specific application 8 - L

g 0= ;///“// ,%jz é‘uﬂ:m 1-13:55 ﬁolswfag
P %5/ ope  0.01396 £ 8.409e—05
= ¥/ ndt 10.07/8
+~| before coating Sepe " 0orabs 73008

206" B T E— T a5~ — e

DeltaV [V]
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Progress @ INFN: Plans and Milestones

 Future (2019), continuation of the on-going R&D activities:

1. MICROMEGAS prototype with miniaturized pad-size

Completion of the analysis of the 2018 test-beam data
Construction of a second version of the prototype

Characterization of this second version by laboratory exercises

2. Coupling of innovative photocathode based on NanoDiamond (ND) patrticles to
MPGD photon detectors

Production of a new set of small-size THGEM coated with ND and hydrogenated ND(HND)
Progress in understanding of the THGEM performance and features when coated with ND and HND by laboratory studies

« 2019 Longer Term MILESTONES.:

« September 2019: The completion of the laboratory characterization of the second version of the photon
detector with miniaturized pad-size.

« September 2019: The completion of the studies to understand the performance of THGEMSs with ND
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Progress @ SBU: Preparation for IBF Studies & Beam Test Results

irrelevant due

SPHENIX TPC = envisioned to serve as central 9 9 D%L to small'track
tracker in day-1 EIC detector Ttotal — Tint + N ‘r + sc  density
Readout with three radial subdivisions: R1, R2, R3 ©

Ne+CF4 (20:10)

TPC prototype at FTBF: Determination of working [T e carB o ouioe
. 3| . :x ’ i s |
arameters with R2 module 1B © el * "™V i
jﬁ;x et ]
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. c YRR Measure
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. ®e0
e B=0T, extrapolationtoB=1.4T ‘g 102 it g0
« 4 . . R o L s °
* Compare to realistic GEANT4 simulation 2 %wﬁa-
Seeeve |
i ‘..9.
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. . 10 ®-tti-tt : & . ety
Preparing for IBF measurements with SEEENIISEStnEESEE
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L] X-ray gun By Anticipated TPC Resolution l:-...a-. RMS 1939 202 um ;_m gm;mum m.-...‘.. RMS 1482 £02 5 m
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| o 5 ! Sim <138> o
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°* " | 1000- 1400
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Progress @ SBU: Evaluated TOM Procedures

fra _ Mo gyl (=
corn ff(x) Dispersion relation:
Transformation optics procedures applied oy .2 2 .2 w2
. . p erye p . pp . Syy _ Hyy f (T)h (Z) ;;LI + ;Qy + ,};‘Z =t
on directional permittivities/permeabilities e 0 9w f2) g (y) 3 (%) c
- dispersion relation o an
P et _TOW) gy 8 (= £2). g0 = G (= B8 1) = (= )
£0Eh 140 h'(z)
ky G+/Fleqw?/c2—k2 G
tan(apy) = A— = k:}: =% tan (6cpn, )

Blue open circles overlaid on full-wave numerical simulations
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n
-}
T T T 1
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Started COMSOL simulation effort
2"d attempt to invite Prof. Capasso

EIC Detector R&D AC Meeting @ BNL, 1/24/2019 23



Progress @ SBU: Mirror coating project

e Continuing installation effort

* Equipment installation into evaporator almost
complete

* Connecting to external equipment under way

e Start-up expected at end of 15t quarter ‘19

EIC Detector R&D AC Meeting @ BNL, 1/24/2019
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Progress @ SBU: Plans and Milestones

 January — March "19
IBF studies (Abstract to MPGD2019 submitted)
* February — April 19
Simulation of meta-materials
 January — April 19
Finalizing installation of mirror coating equipment
* April—May ’19

Commissioning evaporator

EIC Detector R&D AC Meeting @ BNL, 1/24/2019
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Progress @ TU: Commercial Triple GEM Detector

o Goal is to build and characterize triple-GEM detectors using
commercial foils (Tech-Etch) and Kapton spacer rings rather than G10
spacer strips.

o ldentified and corrected the shorting issue with first two triple-GEM
detectors which rendered them useless.

o Third triple-GEM detector implemented shorting fix by removing
unused HV pads.

o Foils have been stretched and glued to their respective frames for the

fourth triple-GEM detector. '

B

wt -

EIC Detector R&D AC Meeting @ BNL, 1/24/2019
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Progress @ TU: Commercial Triple GEM Detector

o We see signal from cosmics with the third triple-GEM
detector, but some issues too = currently investigating
e 2 APV chips are bad
e Electronic mapping issues
o Characterization (cosmic/ >>Fe) of third and fourth triple-

GEM detector will complete the eRD3 carry over R&D

| | .
- |

___ EIC Prototype

X (cm)

EIC Prototype 3: Initial cosmic signal

Pedestals RDO=2 ARM=2

Pedestals

§

W

Channels
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Progress @ TU: uRwell uTPC Barrel Simulation

o Goalis to simulate use of uRWell operating in uTPC mode in the central rapidity region to study

performance

May be useful option at a second EIC IR where TPC technology is not wanted.

uRWell can also be used with silicon detectors to provide fast readout to distinguish particle bunches.

MIP -
7
7
Y Canrnne
ot ‘
Primary Charge A Extended
Fluctuation A Drift Gap
oV
EAR
o1
® .
R
o Y
}'LRWELL [ ] _£+-I* ----- \J
R/Opads ~
s
L—/
Preamp/Shaper
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Progress @ TU: uRwell uTPC Barrel Simulation

o Machinery to simulate low-mass uRWell uTPC barrel has been setup within

EICRoot framework. o - 2 nch 9151714

20— _
&0 A Constant 2182+86
= B=3T Mean —0.02961+ 0.02881

o Consists of 6 barrel layers ( r =225 mm — 775 mm) with each layer having 180

*  Xofoir = 0.172% (detector and readout foil) jjj oy = 0.90%
100—
80~

Xo,gas = 4 cm (ArC0O2:70,30 — defined in EICRoot) oo

40—

o To simulate the multiple hit points within a TPC, each barrel layer contains10 % =~~~/ e
-10 -5 5 10
(P,-ec-Psim)/Pq;m5 [%]

4 mm sensitive layers with 50 um resolution in ¢ and z.

Momentum resolution

dp
o Simulation also consists of 4 silicon detectors with 20 um resolution. 5. e | e o200
/ W f\ RM .
60— B=3T XJ x?fidf 39.6; j :i
Constant 180.7+7.8
140 JL \ Mean  -0.02844 + 0.03342
120 ? x k Sigma 1.005 + 0.028
100 \
C = 0
o 0P 1.0% \
60" |
40 / j
20— / \
T A 5 30
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Progress @ TU: Plans and Milestones

] Plans

o Commercial Triple-GEM Detectors
e Test remaining APV cards (March)
 Complete electronic mapping (March)
* Complete cosmic and >>Fe detector characterizations = completes eRD3 carry over R&D (end of
year)
o uRWell uTPC barrel simulation
* Implement more realistic hit point resolutions in to barrel uTPC based on radial TPCs and eRD6
uTPC prototypes, e.g. mini-drift detector (April).

* Simulate track residuals and charge discrimination (June).

EIC Detector R&D AC Meeting @ BNL, 1/24/2019
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Progress @ UVA: Large Area Triple-GEM with U-V r/o

Three novel ideas tested with this large prototype I

= No rigid PCB or honeycomb support in active area ' Transfer region I ( """""""""""" [ """""""""""""

Cross section: Low-mass Triple-GEM

+» Low Mass Detector:

Entrance window ‘ 2D readout board ‘

= GEMSs, cathode & U-V r/o are all Kapton foils

= Entrance and exit window = uniform gap b/w layers . U U D o [

Induction region

Common GEM Foil ype
= by RESARM (Belgium) = higher cost - w cwi Br B

= Detector radiation length = 0.41%

Exit window

s Low Cost Support Frames:

= Four inner frames with spacers for GEMs & drift foils

= Four outer frames for gas window & top frames
=> locally produced at lower cost standard G10

= Saving: ~ 30% in overall production cost ($)

+» U-V readout with double-sided zebra connection:
= All e- channels read out at the outer radius = No FE
cards on the back or side of the detector

= No vias necessary on the readout foil = minimize Cu g

EIC-FT-GEM : Gain uniformity with Cosmics - Average ADC counts

layer thickness for U and V strips
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Progress @ UVA: Beam test results

ADC Distribution on U-strips

Characterization of the prototype in test beam at FNAL

EIC-FT-GEM: Cluster Charge Distribution

U-V strips charge sharing

EIC-GEM: ADC (U-strips) vs. ADC (V-strips)
800

. «» 1600, —
s FTBF 120 GeV primary proton beam E - x*/ ndf = 59.72/ 34 2
APV25-based SRS Readout at 0.5 kHz tri t S Constan 8599 977 :
= -base eadout at 0. z trigger rate 12000 Py 5460 5
= Very good overall performance of the prototype 1000 | Sigma  261.9+3.0 =
) 800 %
% Performance of the U-V strip readout: sool] 5
= ADC distribution = Characterization of zebra connection 4ooé
= Excellent charge sharing between U and V strip layers 200"
= Spatial resolution in x & y direction = close to expected performances oé[ 000" 200030004000 5000 80007600 %o 300 400 50 600 700 800
Cluster charge (ADC counts) on U-strips Cluster ADCs (U-plane)
Large GEM Setup in MT6.2b Area at the FTBF (June-July 2018) Spatial resolution of the detector with U-V strip readout
SEEN——— . - ﬁ py PR O i —T— EICGEM: Residuals on x-axis EICGEM: Residuals on y-axis
pas TRNREAT. S . B oy i 2 30 (27 ndi = 1829745 2 0 x*/ ndf = 30.58 / 36
- . i R & = | N S 200 Const 2059 5.0 S 400 Const 363.1£10.3
8 Mean 004164 00082 | 3 Mean 001512 +0.00290
Sigma 0.426 £ 0.006 350 Sigma 01152 £ 0.0030
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/ ‘ : o.= Bkg Mean -42.86 + 41.86 c. = BkgMean  -0.1048 +0.0147
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Progress @ UVA: Production Quality Issues

Production quality issues with the U-V readout T -
o - 2™ Moderate I
< Strange pattern in the reconstructed positions . _ EIC-FT-GEM Prototype: Hit Position Map gw | distortions |
, o iy = - k. ; il
= We normally expected uniform distribution of the position €  o00— o
s Cause of the problem still under investigation > - o
= Looks like a lot of strips are shorted, but could also be an issue 100 - _ gt b e S
. . . . r - - b v U-strips (mm)
with the zebra connection or the quality of the zebra strips o . - :
. - -_—
= Pattern effect more pronounced in some area than other -
. . . _1 00 — E”G%‘. .EI(T‘GEM: Hilrn-ap. forlfluénn._:f.1.95_1_y153 |
+» Degradation of the spatial resolutions performances: - i — o
= More pronounced where the distortions are severe -200 - ’
- - . . . I — ‘ I ‘ I ‘ I B | ‘ | ‘ I | I | I ‘ I “ L1 ) [
= But it is a production quality issue and not a fundamental 400 -300 -200 -100 0 100 200 300 400 oo S —
(L TR evere i
issue with the U-V readout with double zebra connection x (mm) w1 distortions
'egéo' 421 '422'” 423‘ 4.2:4A425 426 : 427 428
. . . . ] e v = U-strips (mm)
Spatial resolution: moderate distortion area Spatial resolution: severe distortion area
EICGEM: Residuals on x-axis EICGEM: Residuals on y-axis EICGEM: Residuals on x-axis EICGEM: Residuals on y-axis
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E ons +16. E Bkg Const 39.17 + 6.03 I oz g s F ) +0.049
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Progress @ UVA: Small pPRWELL Prototype w/ 2D r/o

Characteristics of the 10 x 10 cm2 uRWELL prototype

< 2D (X-Y) strips readout
= Strips: same pitch (400 um) as for COMPASS 2D readout
= Xvs.Y charge sharing via capacitive coupling

= X and Y strip layers are separate by 50 um glass epoxy layer

% MRWELL prototype in FNAL test beam
= Operated with standard Ar-CO2 (70/30)
= Charge sharing correlation between x and y strips
= Width of track fit residual: 50 um in x and 43 pm in 'y

= Expect even better resolution after track fit correction

Cross section of uRWELL X-Y readout
Copper S5um

Polyimide 50um

DLC

Prepreg 50um — .

X: 25um copper 80um
Glass epoxy 50um

Y: 25um copper 340um

Hole pitch 140um
Hole diameter 70um on top 40um bot
Read-out line pitch 400um X and Y

MRWELL at FTBF beam test 2018)

A [ == U
= 2D 7Z GEM

Large EIC GEM
prototype

URWELL: Residual on x-strips

0 700 E ¥ 7 ndf 109.8/83
g L Const 643.9+ 9.4
3 600 Mean -0.01537 + 0.00058
O C Sigma 0.04969 + 0.00069
- Bkg Const 8.986 + 3.296
500l Bkg Mean -0.03861+ 0.01125
C Bkg Sigma  0.1742 + 0.0304
400
300 ( )
200 5 O
100
IS PR B A SRR AR AT S TS I AT

02 03 04 05
xFit - xMeas. (mm)
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X-Y strips charge sharing

Entries
Mean x
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URWELL: Residual on y-strips

800
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Progress @ UVA: Plans and Milestones

/

% Plans

= Continue / Complete the FNAL test beam data analysis for large GEM and uRWELL prototypes

= Present the results at the coming MPGD2019 Conference in Paris

= Characterization of the small uRWELL prototype, the high rate capabilities and charge sharing of the readout structure
= Start the draft of the paper on Chromium GEMs and on the large GEM R&D effort for submission to NIM A or IEEE TNS

= Pursue the collaborative effort with FIT and TU on simulation and design of cylindrical uRWELL

J
0.0

Milestones for 2019

= Jan - May: FNAL test beam data analysis

= May — Dec : Draft of manuscripts and R&D on uRWELL for EIC central tracker
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< Brookhaven National Lab

1.
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B. Azmoun, et al., “Results from a Prototype Combination TPC Cherenkov Detector with GEM Readout”, submitted for publication in IEEE
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% Florida Tech
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M. Hohlmann et al. “Low-mass GEM detector with radial zigzag readout strips for forward tracking at the EIC, In: 2017 IEEE Nuclear Science
Symposium and Medical Imaging Conference (NSS/MIC 2017) Atlanta, Georgia, USA, October 21-28, 2017;
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of multiple Coulomb scattering," JINST 11 P06012 (2016), June 21, 2016; https://doi.org/10.1088/1748-0221/11/06/P06012

A. Zhang et al. “R&D on GEM detectors for forward tracking at a future Electron-lon Collider”, In: Proceedings, 2015 IEEE Nuclear Science
Symposium and Medical Imaging Conference (NSS/MIC 2015): San Diego, California, United States. 2016, p. 7581965;
https://doi.org/10.1109/NSSMIC.2015.7581965

A. Zhang, et al., "Performance of a large-area GEM Detector read out with wide radial zigzag strips," Nucl. Inst. Meth. A 811 (2016) 30-41;
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eRD6 Publication List: Breakdown per institute

% INFN Trieste

1. J. Agarwala et al. “Optimized MPGD-based Photon Detectors for high momentum particle identification at the Electron-lon Collider”. In: Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment (2018). issn: 0168-
9002. doi: https://doi.org/10.1016/j.nima.2018.10.185. url: http://www.sciencedirect.com/science/ article/pii/S0168900218314992.

2. J. Agarwala et al. “Novel NanoDiamond based photocathodes for gaseous detectors”. In: 2018. arXiv: 1812.04552 [physics.ins-det].

% Stony Brook University
1. M. Blatnik et al., “Performance of a Quintuple-GEM Based RICH Detector Prototype”, In: IEEE Trans. Nucl. Sci. 62.6 (2015),
https://doi.org/10.1109/TNS.2015.2487999

s Temple University

1. M. Posik and B. Surrow. “Construction of a Triple-GEM Detector Using Commercially Manufactured Large GEM Foils”. In: 2018. arXiv: 1806.01892
[physics.ins-det].

2. M. Posik and B. Surrow. “Construction of Triple-GEM Detectors Using Commercially Manufactured Large GEM Foils”. In: Proceedings, 2016 IEEE
Nuclear Science Symposium and Medical Imaging Conference: NSS/MIC 2016: Strasbourg, France. 2016, p. 8069743. doi: 10 . 1109 / NSSMIC .
2016 . 8069743. arXiv: 1612.03776 [physics.ins-det].

3. M. Posik and B. Surrow. “Optical and electrical performance of commercially manufactured large GEM foils”. In: Nucl. Instrum. Meth. A802
(2015), pp. 10-15. doi: 10.1016/j.nima.2015.08.048. arXiv: 1506.03652 [physics.ins-det].

4. M. Posik and B. Surrow. “R&D of commercially manufactured large GEM foils”. In: Proceedings, 2015 IEEE Nuclear Science Symposium and
Medical Imaging Conference (NSS/MIC 2015): San Diego, California, United States. 2016, p. 7581802. doi: 10.1109/NSSMIC.2015.7581802. arXiv:
1511.08693 [physics.ins-det]. 52

5. M. Posik and B. Surrow. “Research and Development of Commercially Manufactured Large GEM Foils”. In: Proceedings, 21st Symposium on
Room-Temperature Semiconductor X-ray and Gamma-ray Detectors (RTSD 2014): Seattle, WA, USA, November 8-15, 2014. 2016, p. 7431060.
doi: 10.1109/ NSSMIC.2014.7431060. arXiv: 1411.7243 [physics.ins-det].
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+ Univ. of Virginia
1. K. Gnanvo et al., “Performance in Test Beam of a Large-area and Light-weight GEM detector with 2D Stereo-Angle (U-V) Strip Readout”, Nucl.

Inst. and Meth. A808 (2016); https://doi.org/10.1016/j.nima.2015.11.071
2. K. Gnanvo, et al. “Large Size GEM for Super Bigbite Spectrometer (SBS) Polarimeter for Hall A 12 GeV program at JLab”, Nucl. Inst. and Meth.

A782, 77-86 (2015); https://doi.org/10.1016/j.nima.2015.02.017

% Yale University
1. S.Aiola et al., “Combination of two Gas Electron Multipliers and a Micromegas as gain elements for a time projection chamber”, Nucl. Inst. and

Meth. A834 (2016); https://doi.org/10.1016/j.nima.2016.08.007

~22 eRD6 publications in all, with more to come!!

Thank you!
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Progress @ UVA: Low Cost Support Frames

Outer Frames without spacer grids: Low cost ]
Set of G10 pieces for all 4 frames Set for one frame

= Four Outer Frames for
gas window foils
without spacers grid

= Each frame made of
four G10 pieces cut out
in local machine shop

= Low material and
production cost

Inner Frames for GEMs with spacer grids: H|gh cost GIUlng Of one frame WindOW f0|| glued to IOW cost fl’ameS

= Four Inner Frames

with 300 pum spacers
grid for GEM foils

= Precision machining of
PERMAGLAS by
RESARM (Belgium)

= High material and

machining cost
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Progress @ UVA: U-V Readout with Zebra Connection

Components of the double-sided zebra connection

Design of EIC-Proto Il 2D U-V strips readout board

v 2d U-V strips (5 pm Cu)
readout on board, 50 pm
Kapton; Pitch: 400 pm

* Top layer: 80 pm U-strips =
parallel to one radial side | giene

_ —

bottom traces
Top traces

» Bottom layer: 350 pm V-
strips parallel to other
radial side.

Tup conta
Bottom contacts il

Zebra strips (ZS) before insertion

Drawings of the Zebra-Panasonic adapter board

Strip pads on the
readout board

Top strip

Bottom strip

Principle of zebra /

( .1 :r.-:-.m (104

v Zebra-Panasonic adapter

» 2 APV25 FE cards per adapters

~ adapters are held together
with bolts and screws

» Design borrowed from ATLAS
Mezzanine adapter board

ZS insertecaeton bottom strlps (V-strlps)

| APV25 FE cards

: /A )4 S
A\ / 7o\ A
.' el l-a--‘zu\-::---oi-ﬂ://:

Zebra-Panasonic
adapter for EIC-GEM

x

o
o
-
.
=]
°

I
e
o.o

o
o

Zebra holders. Zebra strips
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